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(54) Chemical mechanical polishing for Isolation dielectric planarlzatlon 


(57) A fabrication method tor an integrated circuit 
structure, comprising the steps of: forming an oxide 
structure which includes, distributed there-through, a 
first layer comprising silicon and carbon; and polishing 
said oxide structure, using a slurry composition which 
has a selectivity to said first layer of greater than 1 0 to 1 . 
so that said polishing step smoothly removes said oxide 
on a first side of said first layer and stops on exposed 
areas of said first layer; whereby said exposed areas of 
said first layer define a uniform surface level for said 
oxide structure. In an errtoSiment, silicon carbide £ 
used for a hardmask for the isolation dielectric etch and 
also serves as an etch stop tor chemical-mecharicaJ 
polishing. Alternatively, silicon carbonitride or silicon 
carboxxje can be used. 
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Description 

,0001 1 Tne present invention rentes to integrated c.rcu„ structures and ttnotfon methods, and partly to chem- 

leal mechanica. p*.sh (CMP) ^^^^J^^S^^ >«™ 
l0 002] Chemical mechan.cal ^.ngJCMn .s a (a ^ rjzatl0n techniques, provides global planar, 

in integrated arcuit processing ,n **^™ P . U *™™*™ri hence helps achieve the numerous muttiple lay- 
T« ra«^KrS"» - ~ * by renting 

r™r*rcr^^^ 

has a chem*a< composition whteh accelerates rental f ^f^^^^en o»de. which is easi.y 
acid* and oxdiz.ng slurry is used^th.s ^^^^S^S^M <*em*tS .s more typically used, 
removed by the mechanical pol.sh.ng operation. For '^^™^™.^ m ^.^mcal polishing of interlayer 
10004] General discussion of CMP technique* car £e tound* Mai - J*^ ^ TECHNOLOGY, and ref - 
dielectric: a rev-ew." which dielectr* removal.) Additonal dscus- 

erences cited therein. (Note, however. ^^?S2«SuSR^EfWAT10l^ November 1996, at pages 88 
sion can be found in DeJule, "Advances » CMP. .^^^^^ Developed for Tungsten CMP.' SEM- 
and following, and references 6ted therem. and inj Kim at aL W>™« ™*» thesTmateriate are hereby incor- 
ICONDUCTOR INTERNATIONAL. November 1996. at pages 1 19 and follow.ng. mi or inese 

porated by reference. batata in Dtanarizina integrated circuit processes. CMP stop 

I00051 To pro.de ^J^^S^^^ S^ ** red * «* 

layers are commonly used with CMP (xo^js. One sucn ^ ^ seiectrvity to the 

This is commonly done by including islands * silicon ^^^^1 M only of the order of 4 to 1 or so. 
nrtrde. However, the selectvifces whk* are as a CMP stop layer for chem- 

[0006] Current state of the art uses silicon nrtnde as ^"J^,^ ^silicon nitride is only 4.1 or 51 using 
Mechanical poking (CMP). Since the removal "JJJJJ^J* ^^Non-uniformrty due to polish 
industry-accept- slurries, the ^""^ 

30 t S»7] Some attenpts have bee^^^ 

example of this is a chemistry m which the standard ip« ^»s. » ^ Mcn (which 

thy l7mmonium f^orde. However, the «. ^'<^^^^^^ 

requires additional lithography steps) or the use of ^ rfucri ' ™T ^ i6 me expensive than 

surface and provide Not, select^ in CMP ^^^^^^f^g^ed wde industry acceptance. 

pot lives. im ~ntinn Are set out in the accoopanying independent and dependent 

[ayers. Thus, silicon carbide layers .are, iised m a ™P P™ej* £ «£J£ „ extremely high selectivity (50 to 1 or 
ide. It has been found that standard ptata* ^f^^^^^es in oxide thickness or in polish rate 
better) between slicon dioxide and ^^l^^Z stop layers. It has also been found that 

ton of the isolation dielectnc. such as J^'JncTetch After filling of the trenches with dielectnc, the 

so is deposited and £££^*£^ ^ * A dummy moat is 

silicon carbide serves as a polish stop, allowing a smoo™. h» 

used in this process. ^.^a, there is provided a fabrication rriethod for an integrated arcuit 

[001 1] According to a second aspect of the ^^"^J^ Abated there-through, a first layer 
structure, comprising ttie steps of: farm* an ,£1 conposition which has a selectivity to 

55 comprising silicon and carbon; and f^^^^^Z^^ on a first side of said frst 
sad first fcyer of greater than 1 0 to 1 ^'^^^^Zi areas of said first layer define a uniform su, 
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0.01 P^ent or 0.0001 percent as nu* ca^n as *» ^ ^ ^ sfruc . 

tOOl 21 According to a third aspect of the '"^^^ ™££ ol ^conductor material ; (b) deposing 
tore. cornprisino the steps of (a) providing a substrate (c) ^ ^on structures wh.ch 

a first layer ccrnpr-s-ng silicon and carbon ^^^S^ *"*m wrthad.e.ectncwh.ch 

rj?«~^«^^ to ^ mk1 drcutt s "" 

furc herein said first layer acts as a polish stop for said polishing step. 
[W 3? Stages achievable wrth the disclosed methods and structures .nclude. 

additional (addrtion to moat pattern) patterned etch steps are not needed; 

rrr*s^^^ - ** and rwerse — ^ n and 

requires fewer process steps than patterned etchback approaches; 
compatible with existing CMP slurries; 
compatible with pads which have wide industry acceptance. 

r.0014, For a better understanding of the Mention and to she. how the same may be carried into effect reference is 
now made by way of example to the accompanying draw.ngs m wh.ch. 

tM1 5, ^retisaf.owcharttfaner^^^^ 

2A-2C The process beg.ns with a bare wafer at th,s time. In the presently preferred 

* 30 nm. Option* a thin dielectr* underlay* ^^\Zm £Z™ nm. Th« is toltowed by deposition of 
embodiment, this can be silicon nrtrdehav ng ^ J*""^^^^ tne silcon carbide is deposited in a 
anoroximately 20-250 nm of silicon cartxde (step 120). In the present enT ~°'^ !\ . . 
S^Tsma-enhanced cherncal vapour deposition (PECVD) process, wrth the fo.low.ng reape. 

30 Source gas: silane/methane. trimethylsilane. or other organosilicon gas; 

Carrier gas: Ar or He; 

Pressure: ab0lA 2-8 Torr; 

Gas flow 500-5000 seem; 

RF cower density: about 2 W/cm2 (13.56 MHz); 

33 SubWate temperature: 200-500 (preferably 350) degrees C. 

,0016, Fc^ng the SiC depose. P^s, « ^S^^S'S SETS 

tures are desired, giving the structure shown £ waifs of the trench, then the 

etched (step 130) to torn trenches QOAftn ^rd ^^'^J^^ ,n F*ure 2B. Following the 

thesis: 


50 


Polish Parameters: 
[0018] 


Downtorce M0(6.5)pei 

Back Pressure 0.5-5 (1 5) psi 

55 Table Speed 15-100 (32) rpm 

Slurry Flow 50-700 (200) ml/mm 
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Example of Consumables in Polish (many others can be used): 

[0019] 

p ac j ICI400, K-Groove - Vendor « Rodel 

Slurry SS25 diluted 3:2 witfi Dl H20; Vendor = Cabot 

Backing Film DF245. Vendor = Rode* 

[0020] The examples given above for the polish step are merely illustratrve and are not limiting, as many variations 

L« n oSeSe CMP step to give the desired results, rt is necessary to design a dummy active area 
^i^X^ ^ an aSve L, but is not atactic* actve. This dummy area serves to *^ £^ 
a Z M IS"* dished during CMP planarization and could thereby cause damage to act*, are^ ^e ec^ 
2 SL*. the duA areas prcvde support for the CMP pad, ailing orty mn.mum bend.ng of the pad 

surface. 

Flnt Eftft E m bOti'f n * nt tor SIC: 

,0022] in a frst embodiment the process used to etch the silicon cartode is a OJ0 2 

Cwrth a Cl 2 flow of 1 -20 litres/minute and 0 2 flow of 1 -20 litres/minute, at atmospheric pressure The w,.l selec 
tively etch the SiC from the S1O2 surface. 

cy^nri f )t4\ Embodim ent for SIC: 

r00231 In an alternative embodiment, the process used to etch the silicon carbide is aOj etoh^about WaCkn 
£?L ^ M 10 300 seem Ar flow of 0-100 seem. 02 flow of 0-50 seem. RF power densrty of about 0.5-4 W/cm* 
SK£ a J ma^Se.d ^30 G. Removal rates for SiC refctve to SO, of 10:1 have been achi**, 

30 Thlr fl Etch Em Wment for SiC: 

50 mTorr, RF Power density of about 0.5-4 W/cm* (13 56 MHz), and magnate field of 0-30 G. 
p W rfh f fib Embodiment for SIC: 

SSSr BF Power density of about 0.5-4 W/cm* (13.56 MHz), and magnetic Md of 0-30 G. 

Fifth Effiti Emhofl lmMtl ** aC: 
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EfPf Hmenial Data 

so [0027] The fo^ng data was taken by measurements on sheets deposed on pilot wafers. 
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Source 

Deposition Temperature 

CMP Selectivity to Oxide 

TMS 

250 C 

10.6:1 

TMS 

350 C 

43:1 

TMS 

500 C 

44:1 

Silane/Methane 

350 C 

50:1 


TMS « Trimethytsilane 

U» *«*» *. to CMP *» I «"« «• 

" "J "TSS-oc". » ,to^ to undw* «* ™™* • » «•*'•''«•'«»* "«* 
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zaton. 

Alt ernative F mt^dimenls 

carboxynitnde Si x C x N y O r Mneaots described in the present application can be mod- 

exemplary teachings given. 


Claims 
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^ Atebrk^m^fcKanirte^teddrartstrviC^ 

^ng^o^s^ur.^iodud* debuted ^roogh.af^^co^^ ..icon and ca^; 
and rrwrwofiition which has a selectivity to said first layer of eater 

„ , ,*to^,to.,r^<<CW.n...^<*P°^«^ 

conductor material. 
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4. The fabrication method of Clam 1 . Claim 2 or Claim 3. wherem sari tint layer cons.sK of Silicon carbrie. 

5. A tabrication method tor an integrated circuit structure, comprising the steps of: 

(a) oroviding a substrate which includes a body of semiconductor material; 
S SrtfrB a first layer corrpris-ng silicon and carbon over sari 

J S Nation structures which extend through sari first layenrrto sari "J* 

d Sling sari isolation structures with a dielectric which also extends over at least a port or i of Mwl first 

S) pSrming polishing to p!anar«e said integrated circurt structure; where* sari f.rst layer acts as a po.«h 

10 stop fa said polishing step. 

6. The method of Claim 5. wherein said first layer consists of Silicon carbide. 

7. The method of Claim 5 or Claim 6. further comprising the step, before said step (b) of: 

75 (al ) forming a layer of an oxide over said semiconductor material; 

(a2) depositing a layer of silicon nitride over said layer of oxide; 
wherein said first layer directly overlies said silicon nitride layer. 

» 8. The fabrication m^ 
ishing. 

9. The fabricate method of any one of the preceding Cairns. ^^^^ * "** " 
much carbon as silicon, or at least 0.01 or 0.0001 percent as much carbon as atoon. 
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FIG. 2A 
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FIG. 2C 


